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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The invention relates to a structure for shielding an 
electronic circuit from radio waves, and more particu- 
larly to a structure for shielding a radio-frequency circuit 
equipped with an antenna. 

DESCRIPTION OF THE PRIOR ART 

A conventional structure for shielding a radio-fre- 
quency circuit is comprised of a shield case composed 
of metal for encasing a radio-frequency circuit therein to 
shield the circuit from radio-waves. Accordingly, since 
an antenna has to be arranged outside the shield case, 
the radio-frequency circuit is electrically connected to 
the antenna through a connector and a cable. 

In order to solve this problem, Japanese Unexam- 
ined Utility Model Publication No. 64-40910 published 
on March 10, 1989 has suggested such a plastic shield 
case as illustrated in Figs. 1 A and 1 B. Fig. 1 A is a per- 
spective view of the suggested plastic shield case, and 
Fig. 1 B is a cross-sectional view taken along the line IB- 
IB in Fig. 1A. 

The plastic shield case is constituted of an upper 
half 2a and a lower half 2b. A radio-frequency circuit 
(not illustrated) is formed on an upper surface of a 
printed wiring board 1. The upper and lower halves 2a 
and 2b are assembled in such a manner that the printed 
wiring board 1 is sandwiched between the upper and 
lower halves 2a and 2b. Each of the upper and lower 
halves 2a and 2b are formed with two cavities, and inner 
surfaces of those two cavities are covered with an elec- 
trically conductive layer 3 composed of metal for radio- 
waves shielding. The electrically conductive layer 3 par- 
tially extend outside the upper half 2a to thereby form an 
antenna element 4. 

In accordance with the suggested shield case, the 
radio-frequency circuit can be electrically connected to 
the antenna element 4 without a connector and a cable. 

However, the above-mentioned plastic shield case 
has to have the two halves 2a and 2b for sandwiching 
the printed wiring board 1 therebetween. The reason is 
as follows. If the printed wiring board 1 is shielded only 
at an upper surface on which an electronic circuit is 
mounted, external radio-waves enter the electronic cir- 
cuit and internal radio-waves leaks from the electronic 
circuit both through a lower surface of the printed wiring 
board. Thus, it is absolutely necessary to shield the 
printed wiring board at upper and lower surfaces 
thereof. 

The use of the upper and lower halves 2a and 2b 
pauses a problem that the shield structure is totally 
heavy, big in size, and high in fabrication cost. 

In addition, in the above-mentioned plastic shield 



case, the antenna element 4 is formed on the upper half 
2a separately from the printed wiring board 1 on which 
a radio-frequency circuit is formed. Hence, when the 
printed wiring board 1 is shielded with the upper and 
5 lower halves 2a and 2b. it is necessary to electrically 
connect the radio-frequency circuit to the antenna ele- 
ment 4. 

As a result, assembly of the plastic shield case 
would take much time and much labor. In addition, when 

io the plastic shield case is disassembled to take out the 
printed wiring board 1 for inspection and is assembled 
again, laborious work has to be done, specifically, the 
radio-frequency circuit is disconnected from the 
antenna element 4 and connected again to the antenna 

is element 4., in which case, the radio-frequency circuit 
may be imperfectly, electrically connected to the 
antenna element 4. 

SUMMARY OF THE INVENTION 

20 

In view of the foregoing problems, it is an object of 
the present invention to provide a structure for shielding 
an electronic circuit, which can be formed in a smaller 
size, a smaller weight, and a lower cost, and which can 

25 be readily assembled. 

In one aspect of the present invention, there is pro- 
vided a structure for shielding an electronic circuit from 
radio waves, including a shield case and a printed wiring 
board, characterized by that the shield case is open in 

30 one side and is covered at an inner surface thereof with 
a first electrically conductive layer, and that the printed 
wiring board includes a second electrically conductive 
layer which cooperates with the first electrically conduc- 
tive layer to form a shielded space in which an electronic 

35 circuit is to be mounted, when the printed wiring board 
is put onto the open side of the shield case. 

There is further provided a structure for shielding an 
electronic circuit from radio waves, including a shield 
case and a printed wiring case, characterized by that 

40 the shield case is formed therein with a cavity which is 
open in one side of the shield case, that a first electri- 
cally conductive layer is formed on an inner surface of 
the cavity, and that the printed wiring board including (a) 
a main board closing the cavity therewith as a cover, (b) 

45 an electronic circuit mounted on a lower surface of the 
main body, and (c) a second electrically conductive 
layer coextensive with the main body and making elec- 
trical contact with the first electrically conductive layer 
when the printed wiring board is put onto the open side 

so of the shield case, the second electrically conductive 
layer cooperating with the first electrically conductive 
layer to form a shielded space in which an electronic cir- 
cuit is to be mounted. 

In accordance with the above-mentioned shield 

55 structure, the shield case and the printed wiring board 
cooperate with each other to form a shielded space, in 
which an electronic circuit formed on a lower surface of 
the printed wiring board is put. In addition, since the first 
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electrically conductive layer makes electrical contact 
with the second electrically conductive layer to thereby 
form an electrically shielded space, the electronic circuit 
is also put in the thus formed electrically shielded 
space. Thus, since the printed wiring board forms a part 
of the shield structure, only one shield case is neces- 
sary for forming the shield structure unlike the conven- 
tional shield structure wherein two halves are required 
for forming a shield case. Hence, the shield case in 
accordance with the present invention can be formed in 
a smaller weight, a smaller volume, and a lower cost. 

It is preferable that the shield case is formed at the 
open side thereof with a stepped portion on which the 
main board of the printed wiring board is to be put. 

For instance, the first electrically conductive layer 
may be composed of an electrically conductive coating 
film which is composed of, for instance, a coating includ- 
ing metal powders therein. For instance, the shield case 
is made of plastics. 

For instance, the second electrically conductive 
layer may be composed of a metal foil, or a metal film 
evaporated onto the main board of the printed wiring 
board. 

In a preferred embodiment, the shield structure fur- 
ther includes an antenna formed on an upper surface of 
the mam board of the printed wiring board in such a 
manner that the antenna is in electrical connection with 
the electronic circuit 

In accordance with this embodiment, since an 
antenna and an electronic circuit are formed on oppo- 
site surfaces of the main body, and the antenna is elec- 
trically connected to the electronic circuit, it is no longer 
necessary to carry out a step of electrically connecting 
an antenna to an electronic circuit, which ensures that 
an imperfect contact between an antenna and an elec- 
tronic circuit does not occur. 

When the srnekj structure further includes an 
antenna, rt is preferable that the main board is formed 
wrtn at least one tnrough-hole extending between upper 
and lower surfaces thereof, and the antenna and the 
electronic circuit make electrical connection with each 
otner through a wire extending in the through-hole. 

The printed wiring board may further include a plu- 
rality of printed boards, in which case the main board 
and the second electrically conductive film are sand- 
wiched between two of the printed boards. When the 
printed wiring board includes two printed boards, the 
main board is sandwiched between them. When the 
printed wiring board further includes a plurality of 
printed boards, it is preferable that the printed wiring 
board includes (a) an upper electrode layer formed at a 
marginal region of an upper surface of an uppermost 
printed board, (b) a lower electrode layer formed at a 
marginal region of a lower surface of a lowermost 
printed board, and (c) a third electrically conductive 
layer causing the upper and lower electrode layers and 
the second electrically conductive layer to make electri- 
cal connection with one another. In this case, it is pref- 



erable that the lower electrode layer makes contact with 
the first electrically conductive layer, so that the first and 
second electrically conductive layers make electrical 
contact with each other through the third electrically 

5 conductive layer. 

ft is preferable that at least one through-hole is 
formed through the printed boards, the main board, and 
the second electrically conductive layer so that the 
through-hole reaches the upper and lower electrode lay- 

10 ers, and further comprising a third electrically conduc- 
tive layer formed on an inner surface of the through- 
hole. 

It is preferable that the third electrically conductive 
layer is formed on a side surface of the printed wiring 
is board between the upper and lower electrode layers. 

In accordance with the above-mentioned shield 
structure, a shield for an electronic circuit is formed in 
only two parts: a shield case and a printed wiring board. 
Thus, it is possible to form a shield structure in a smaller 
20 size, a smaller weight, and a lower cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1A is a perspective view of a conventional 
25 shield case. 

Fig. 1 B is a cross-sectional view taken along the 
line IB-IB in Fig. 1A. 

Rg. 2A is a perspective view of a printed wiring 
board constituting a part of a shield structure in accord- 
30 ance with the first embodiment of the present invention. 

Rg. 2B is a perspective view of a shield case con- 
stituting a part of a shield structure in accordance with 
the first embodiment of the present invention. 

Rg. 3 is an exploded perspective view of the printed 
35 wiring board illustrated in Fig. 2A. 

Fig. 4 is a perspective view of the printed wiring 
board at a lower surface thereof, as viewed from an 
arrow B shown in Fig. 2A. 

Fig. 5 is a cross-sectional view of a shield structure 
40 in accordance with a preferred embodiment of the 
present invention. 

Rg. 6 is a cross-sectional view of a printed wiring 
board, illustrating another structure of the second elec- 
trically conductive film. 

45 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENT? 

With reference to Figs. 2 A and 2B, a structure 100 
so for shielding an electronic circuit is comprised of a 
printed wiring board 200 illustrated in Fig. 2A and a 
shield case 300 illustrated in Fig. 2B. 

As illustrated in Fig. 2B, the shield case 300 is open 
in an upper side thereof, and is made of plastic. The 
55 shield case 300 is formed at the open side 310 thereof 
with a stepped portion 320, onto which the printed wir- 
ing board 200 is fit to thereby close the open side 310 of 
the shield case 300. 
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The shield case 300 is formed at an entire inner 
surface thereof with a first electrically conductive layer 
330 acting as a shielding material. For instance, the 
electrically conductive layer 330 may be composed of 
an electrically conductive coating film, which may be 5 
formed by spraying a paint containing metal powders 
therein onto an inner surface of the shield case 300. 

As illustrated in Fig. 3, the printed wiring board 200 
includes a main board 213 having a three-layered struc- 
ture. Specifically, the main board 213 is comprised of a 10 
second electrically conductive layer 210 composed of 
metal foil, a first printed board 211 formed on the sec- 
ond electrically conductive layer 200. and a second 
printed board 212 formed below the second electrically 
conductive layer 200. The main board 213 is fit into the is 
stepped portion 320 of the open side 310 of the shield 
case 300. 

A radio-frequency circuit block 220 is formed on a 
lower surface of the second printed board 212 of the 
main board 213. as illustrated in Fig 4. As mentioned so 
later, the second electrically conductive layer or metal 
foil 210 shields the radio-frequency circuit block 220 
from radio-waves. 

As illustrated in Fig. 3, the first printed board 21 1 is 
formed on an upper surface thereof with two antennas 25 
221 and 222. The antennas 221 and 222 are formed, for 
instance, by steps of forming a metal film on an upper 
surface of the first printed board 21 1 by evaporation or 
plating, for instance, and etching the thus formed metal 
film into a desired pattern. 30 

As illustrated in Figs. 3 and 4, there are formed 
through-holes 230 in the vicinity of the antennas 221 
and 222 throughout the first printed board 211, the 
metal foil 210, and the second printed board 212. The 
antennas 221 and 222 formed on an upper surface of 35 
the first printed board 21 1 and the radio-frequency cir- 
cuit block 220 formed on a lower surface of the second 
printed board 212 are electrically connected with each 
other through electrically conductive wires (not illus- 
trated) extending between the antennas 221, 222 and 40 
the radio-frequency circuit block 220 through the 
through-holes 230. 

As illustrated in Fig. 4, a lower GND electrode layer 
224 is formed in the form of a strip at a marginal region 
on a lower surface of the second printed board 212. 45 
Similarly, as illustrated in Fig. 3. an upper GND elec- 
trode layer 225 is formed in the form of a strip at a mar- 
ginal region on an upper surface of the first printed 
board 211. These lower and upper GND electrode lay- 
ers 224 and 225 may be formed by plating, for instance, so 

As best illustrated in Fig. 3, there are formed a plu- 
rality of through-holes 231 throughout the first printed 
board 21 1 , the second electrically conductive layer 210, 
and the second printed board 212 so that the through- 
holes 231 reach the lower and upper GND electrode ss 
layers 224 and 225. 

As illustrated in Fig. 5, a third electrically conductive 
layer 227 is formed on an inner surface of each of the 



through-holes 231, for instance, by plating. The third 
electrically conductive layer 227 ensures that the upper 
and lower GND electrode layers 225, 224 and the sec- 
ond electrically conductive layer or metal foil 210 to 
make electrical connection with one another. 

The shield structure 100 in accordance with the 
present embodiment is completed by closing the open 
side 310 of the shield case 300 with the printed wiring 
board 200. Fig. 5 is a cross-sectional view of the shield 
structure where the printed wiring board 200 is put onto 
the stepped portion 320 of the shield case 300. Herein- 
below is explained functions of the shield structure 100 
in accordance with the present embodiment, with refer- 
ence to Fig. 5. 

The printed wiring board 200 is put onto the 
stepped portion 320 of the shield case 300 in such a 
manner that the radio-frequency circuit block 220 is 
enclosed in the shield case 300. Thus, the radio-fre- 
quency circuit block 220 is hermetically shielded in a 
closed cavity defined by the printed wiring board 200 
and the shield case 300. 

When the printed wiring board 200 is put onto the 
stepped portion 320 of the shield case 300, the first 
electrically conductive layer 330 formed on an inner sur- 
face of the shield case 300 makes electrical contact with 
the lower GND electrode layer 224 at the stepped por- 
tion 320. Hence, the second electrically conductive 
layer 210 makes electrical contact with the first electri- 
cally conductive layer 330 through both the third electri- 
cally conductive layer 227 and the lower GND electrode 
layer 224. 

Accordingly, the radio-frequency circuit block 220 
formed on a lower surface of the second printed board 
212 is enclosed within a shielded space defined by the 
second electrically conductive layer 210, the third elec- 
trically conductive layer 227, the lower and upper GND 
electrode layers 224 and 225, and the first electrically 
conductive layer 330, all of which are electrically con- 
nected to one another. As a result, the radio-frequency 
circuit block 220 is shielded from external radio-waves, 
and leaks no radio-waves to outside. 

Since the antennas 221 and 222 are formed on an 
upper surface of the first printed board 211, the anten- 
nas 221 and 222 become integral with the shield struc- 
ture 100 by covering the shield case 300 with the 
printed wiring board 200. The antennas 221 and 222 
are shielded from the radio-frequency circuit block 220 
by means of the first electrically conductive layer 210 
located therebetween. 

As mentioned so far, the present embodiment pro- 
vides the shield structure 100 defined by the plastic 
shield case 300 and the printed wiring board 200 for 
shielding the radio-frequency circuit block 220. The 
shield structure 100 has a height almost equal to a 
height of the shield case 300. Hence, since the shield 
structure 100 can be formed of a single shield case 
unlike the conventional shield case comprised of two 
shield cases with a printed wiring board sandwiched 
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therebetween, the shield structure 100 can be formed in 
a smaller height, a smaller weight, and a smaller fabri- 
cation cost. 

In addition, since the antennas 221 and 222 are 
formed integrally with the printed wiring board 200, it is 
no longer necessary to use a connector and a cable for 
connecting the radio-frequency circuit block 220 and the 
antennas 221 and 222. This also contributes to that the 
shield structure 100 is formed in a smaller size, a 
smaller weight, and a smaller cost Since the antennas 
221, 222 and the radio-frequency circuit block 220 are 
electrically connected to each other without using mov- 
able parts unlike the conventional shield structure, it is 
possible to avoid imperfect contact therebetween. 

In the above-mentioned embodiment, the third 
electrically conductive layer 227 is formed on an inner 
surface of the through-holes 231 . However, it should be 
noted that the third electrically conductive layer 227 
might be designed to have other forms. For instance, as 
illustrated in Fig. 6, the third electrically conductive layer 
227 may be formed as a layer 226 vertically extending 
on a side surface of the printed wiring board 21 3 so that 
the third electrically conductive layer 227 bridges 
between the lower and upper GND electrode layers 224 
and 225. 

As an alternative, the third electrically conductive 
layer 226 may be formed integrally with the lower and 
upper GND electrode layers 224 and 225. in which 
case, the third electrically conductive layer 226 is almost 
U-shaped. 

In the above-mentioned embodiment, the second 
electrically conductive layer 210 is composed of metal 
foil. However, the second electrically conductive layer 
210 may be composed of a thin metal film formed, for 
instance, by evaporation onto either an upper surface of 
the second printed wiring board 211 or a lower surface 
of the first printed wiring board 21 1 . The first electrically 
conductive layer 330 may be formed by evaporation or 
plating in place of using an electrically conductive coat- 
ing film. 

Though the main board 213 is formed as having a 
three-layered structure in the above-mentioned embod- 
iment, the main board 213 may be designed to have a 
four- or more layered structure. 

it should be noted that a circuit to be shielded by the 
shield structure 1 00 in accordance with the above-men- 
tioned embodiment is not to be limited to the radio-fre- 
quency circuit 220. 

Claims 

1. A structure (100) for shielding an electronic circuit 
(220) from radio waves, comprising a shield case 
(300) and a printed wiring board (200), character- 
ized by that 

the shield case (300) is open in one side (310) 
and is covered at an inner surface thereof with 



a first electrically conductive layer (330), and 
that 

the printed wiring board (200) includes a sec- 
ond electrically conductive layer (210) which 
5 cooperates with the first electrically conductive 

layer (330) to form a shielded space in which 
an electronic circuit (220) is to be mounted, 
when the printed wiring board (200) is put onto 
the open side (310) of the shield case (300). 

2. A structure (100) for shielding an electronic circuit 
(220) from radio waves, comprising a shield case 
(300) and a printed wiring board (200), character- 
ized by 

15 

that the shield case (300) is formed therein with 
a cavity which is open in one side (310) of the 
shield case (300), 

that a first electrically conductive layer (330) is 
20 formed on an inner surface of the cavity; and 

that the printed wiring board (200) includes: 

(a) a main board (213) closing the cavity 
therewith as a cover; 

25 (b) an electronic circuit (220) mounted on a 

lower surface of the main body (213); and 
(c) a second electrically conductive layer 
(210) coextensive with the main body (213) 
and making electrical contact with the first 

30 electrically conductive layer (330) when 

the printed wiring board (200) is put onto 
the open side (310) of the shield case 
(300), the second electrically conductive 
layer (210) cooperating with the first elec- 

35 trically conductive layer (330) to form a 

shielded space in which an electronic cir- 
cuit (220) is to be mounted. 

3. The structure as set forth in claim 2, wherein the 
40 shield case (300) is formed at said open side (310) 

thereof with a stepped portion (320) on which the 
main board (213) of the printed wiring board (200) 
is to be put. 

45 4. The structure as set forth in claim 2 or 3, wherein 
the first electrically conductive layer (330) is com- 
posed of an electrically conductive coating film. 

5. The structure as set forth in claim 4, wherein the 
so electrically conductive coating film is composed of a 

coating including metal powders therein. 

6. The structure as set forth in claim 2 or 3. wherein 
the second electrically conductive layer (210) is 

55 composed of a metal foil. 

7. The structure as set forth in claim 2 or 3, wherein 
the second electrically conductive layer (210) is 
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composed of a metal film evaporated onto the main 
board (213) of the printed wiring board (200). 

8. The structure as set forth in claim 2 or 3, further 
comprising an antenna (221, 222) formed on an s 
upper surface of the main board (213) of the printed 
wiring board (200) in such a manner that the 
antenna (221, 222) is in electrical connection with 
the electronic circuit (220). 

10 

9. The structure as set forth in claim 8, wherein the 
main board (213) is formed with at least one 
through-hole (230) extending between upper and 
lower surfaces thereof, the antenna (221 , 222) and 
the electronic circuit (220) making electrical con- is 
nection with each other through a wire extending in 
the through-hole (230). 

1 0. The structure as set forth in claim 2 or 3, wherein 
the printed wiring board (200) further includes a 20 
plurality of printed boards (211, 212), the main 
board (213) and the second electrically conductive 
film (210) being sandwiched between two of the 
printed boards (21 1. 212). 

25 

11. The structure as set forth in claim 10, wherein the 
printed winng board (200) includes: 

(a) an uppe* electrode layer (225) formed at a 
marginal regon of an upper surface of an 30 
uppermost printed board (211); 

(b) a tower electrode layer (224) formed at a 
marginal region of a lower surface of a lower- 
most printed board (212); and 

(c) a third electrically conductive layer (227) 35 
causing the upper and lower electrode layers 
(225. 224) and the second electrically conduc- 
tive layer (210) to make electrical connection 
with one another. 

40 

12. The structure as set forth in claim 1 1 , wherein the 
lower electrode layer (224) makes contact with the 
first electrically conductive layer (330), so that the 
first and second electrically conductive layers (330, 
210) make electrical contact with each other 45 
through the third electrically conductive layer (227). 

13. The structure as set forth in claim 11, wherein at 
least one through-hole (231) is formed through the 
printed boards (211, 212), the main board (213), so 
and the second electrically conductive layer (210) 

so that the through-hole (231) reaches the upper 
and lower electrode layers (225, 224), and further 
comprising a third electrically conductive layer 
(227) formed on an inner surface of the through- ss 
hole (231). 

14. The structure as set forth in claim 1 1 , wherein the 



third electrically conductive layer (227) is formed on 
a side surface of the printed wiring board (200) 
between the upper and lower electrode layers (225, 
224). 
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(57) A structure (100) for shielding an electronic cir- 
cuit (220) from radio waves is characterized by that the 
shield case (300) is formed therein with a cavity which is 
open in one side (310), that a first electrically conductive 
layer (330) is formed on an inner surface of the cavity; 
and that the printed wiring board (200) indudes a main 
board (21 3) closing the cavity therewith as a cover, an 
electronic circuit (220) mounted on a lower surface of 
the main body (213), and a second electrically conduc- 
tive layer (210) coextensive with the main body and 
making electrical contact with the first electrically con- 
ductive layer (330) when the printed wiring board is put 
onto the open side (310) of the shield case (300). The 
second electrically conductive layer cooperates with the 
first electrically conductive layer to form a shielded 
space in which an electronic circuit is to be mounted. 
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